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Abstract 

When a particle is in high speed or bound in the Coulomb po- 
tential of point nucleus, the variation of its mass can be ascribed to 
the variation of relative ratio of hiding antimatter to matter in the 
particle. At two limiting cases, the ratio approaches to 1. 

The Einstein mass-energy relation E = mc 2 reveals the simple proportion- 
ality between energy E and mass m for any matter with c being the speed 
of light. For a free particle moving with velocity v, the mass m is related 
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to its rest mass m asm = m Q (l — , which approaches infinity when 

v approaches to c. On the other hand, when an electron is bound in the 
Coulomb field of point nucleus with charge Ze (e > 0) to form a hydrogen- 
like atom, the electron mass m will decrease. It is also known that m will 
approach to zero when Z approaches 137. Here we show that all the above 
variation in particle mass can be ascribed to the variation of relative ratio of 
hiding antimatter to matter in a particle. That is the ratio of hiding positron 
ingredient to electron ingredient in an electron, which determines the mass 
of electron. At both sides m — > oo and m — > 0, the ratio approaches to 1. 

For simplicity, we begin from a particle with mass ttiq but without spin. It 
is described in nonrelativistic quantum mechanics by the Schròdinger equa- 
tion. Then its kinetic energy reads |mof 2 with velocity v being unlimited and 
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mo unchanged. When it carries a charge (— e) and is bound in the Coulomb 
field of a hydrogenlike atom with potential energy 

Ze 2 

V(r) = —p— (1) 

The binding energy B is well known as (at = 47T f Q j lc — with fi being the 
Plank constant) 

B = ^ (2) 

(n = 1,2, ...). In other words, the mass of electron m = mo — B/c 2 would 
decrease without lower bound if the charge number of nucleus Z is sufficiently 
large. 

However, the situation becomes quite different in the theory of special 
relativity. Consider a meson n~ binding in a point nucleus. Its wave function 
t) satisfies the Klein-Gordon (K-G) equation. [Q.Q 

d 

(ifi— - V{r)) 2 § = m 2 c 4 $ - cVV 2 $ (3) 

The main point of view in this paper is as follows. We should look at $ 
being composed of two kinds of fields 

e = (i- J^-)$ + i^-é 

rriQC z moc z 
X = (1 + -^)*-»— 4 (4) 

Then Eq.(|3]) can be recast into the form of coupling Schròdinger equa- 
tions: 

(ih^--V)9 = mo c 2 9-^V 2 (9 + x ) 
at 2m 

(foí-V)x = -m c 2 X +^-V 2 (x + 6) (5) 
at 2m 

Eq.(|5|) is invariant under the transformation (x — > — x ,t — > —t) and 

0(- x*, -t) -> xO?, t), V(--£, -t) -> -V( x*, í) (6) 
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The meaning of 9 and x can be seen from the continuity equation: 

t + (7) 

with the "probability density" 

p=\o\ 2 -\x\ 2 = o*e- x *x (8) 

and the "current density" 

7 = £^[(ove* - e*v9) + { X vr - x*v x ) (9) 
+(w x * - x *w) + ( x vr - rv x )] 1 ; 

We explain the field # being the "particle (matter) ingredient" of a parti- 
cle, whereas x being the hiding "antiparticle (antimatter) ingredient" inside 
a particle. 

See first the free motion case V = 0. The particle is described by a plane 
wave function along z axis: 

$ ~ exp{^(pz - Et)} (10) 

Beginning from E = moc 2 , \x\ increases from zero until the limit of momen- 
tum p — > oo, i.e., E — > oo, or 

lim Ixi -> |0| (11) 
Let us discuss the wave packet: 

/OO 2 
^)ï e - k - a S kz -^dk (12) 
■oo T 

with fiw = ^fi 2 k 2 c 2 + m^c 4 ^ m c 2 + |^ + • • • 
Assume a/o 7 < then 

*(*,*) = -^^?M Z^_^ } (13) 

(l i isM \ 2 2 íl 4- ia ^ lt \ 2 

\ mo J \ mo J 



If consider ^js <c 1 to ignore the spreading of wave packet in low speed 
case (v <C c). Tnen we perforin a "boost" transformation, i.e., to push the 
wave packet to high speed (v — > c) case. Thus we see in the figure 1 that: 

(i) The width of packet shrinks Lorentz contraction. 

(ii) The amplitude of p increases "boost" effect. 

(iii) The new observation is that both |#| 2 and |x| 2 in p increase even 
more sharply while keeping \9\ > \x\ to preserve \9 + x\ ~ 1^1 invariant. 

The ratio of hiding |x| 2 to \9\ 2 reads: 
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(14) 



It is interesting to see the stationary 15* state (zero angular momentum 
state with principal quantum number n=l) in field V(r) shown in Eq.([ï|). 
Now the energy level is quantized to be 



E* S G = m c 



which is a function of Z. When Z 




J_ _ 137 

2a ~ 2 ' 



- Z 2 a 2 (15) 
the energy Eis decreases to a 



lowest limit In ^· Meanwhile, the ratio 
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2y 



(16) 



(where y = y | — Z 2 a 2 ,) increases from zero to the upper limit 1, as shown 
in the figure 2. 

Next turn to the electron case. Being a particle with spin |, it is described 
by a Dirac spinor wave function 



(17) 



with four components. Here 9 and x> (each with two components) usually 
called as the "positive" and "negative" energy components in the literature 
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[J],0 are just the counterpart of 9 and x m Eqs.(f4[-|T4|) for particle without 
spin. 

However, in this case, instead of (|S]), we have 

p Dírac = tft* = <9t(9 + x t x (i 8 ) 

Hence for a freely moving electron wave packet, instead of figure 1, we 
have figure 3. One sees that both 9'9 and x % are increasing with the velocity 
v. 

But they are constrained within the boosting p and the invariant quantity 
during the boosting process is 

tpç = 0t0 _ x t x > o (19) 

where the inequality ensures that the electron is always an electron though 
the hiding "antielectron (positron)" ingredient |x| is already approaching \9\ 
when v — *■ c. The ratio reads 



RfZr = i = (20) 



_ Ji-( v ~y 

iDirac _ V v c/ 

On the other hand, when the electron is bound inside a hydrogenlike 
atom, the energy level of 15' state is 

E 1S = m^[l + ^£^=]-^ (21) 
V 1 — Z or 

which decreases to zero when Z — >• - ~ 137 as shown in figure 4. 
Meanwhile the ratio 



)/) „,„ 1 - v'l Z-ix- 



R Dvrac = V (22) 

15 1 + VI - Z 2 a 2 V ^ 



increases from zero to 1 , similar to Eq.flTfip and the curve in figure 2. 
In summary, some discussions are in order. 

(a) In nonrelativistic quantum mechanics only the particle (e.g., the elec- 
tron) is considered. The velocity of particle can enhance without a upper 
limit. On the other hand, the energy of a binding particle can decrease 
without a lower limit either. Its mass remains unchanged in any case. 
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(b) In relativistic quantum mechanics, a particle is always not pure. It 
is accompanied by its hiding antiparticle ingredient essentially. If a free rest 

particle with mass itlq described by 9 (x, tj , the accompanying x {^ x -,tj win 
be excited coherently once the particle is set into motion or bound into an 
external field. Then its velocity v is bound from above by a limiting speed c 
while its energy E or its changeable mass m = E/c 2 is bound from below by 
mo/\/2 (for KG particle) or zero (for Dirac particle). 

(c) The common essence of any matter is the bàsic symmetry Eq.(U). It 

could be stated as a postulate that "the space -time inversion (^x^ — x, t — > - 
is equivalent to the transformation between particle and antiparticle". || 

(d) However, inside a particle, 9 always dominates Xi i- e -; 1^1 > Ixi- So 
they do not exhibit the symmetry Eq. @ explicitly. Being the "slave" in the 
particle, x has to obey the "master" 9. In particular, the wave function for 
an electron in freely motion reads always as 

# e -~0~ x ~e^{^(?x -£-*)}, (|0|>|x|) (23) 

On the other hand, if we perform a space-time inversion, 9 (x,tj — > 

9 ^— x, —tj = Xc ( x ,t \ becomes the "master", whereas x ( x , tj ~ * X (~ x i~ 

9 C ^x,íjreduces into the "slave". Then Eq. (|23|) turns into the wave function 
for a positron: 

~ Xc ~ 9 C ~ exp |-i (p ■ x -E ■ tj } , (|xc| > \0 C \) (24) 

(e) Note that, the "slave" x in a particle can not display itself as Xc in 
an antiparticle, so it does not show the opposite charge. What it can do is 
to pull back the motion of 9, thus the inertial mass m of particle enhances 
without a limit while its velocity has a limit c. Meanwhile, the instinct of \ 
demands the time evolution of phase in the wave function like that of Xc in 
Eq . (|24l) . But now it is forced to follow that in Eq. (^3|) . They are in opposite 
directions. So a moving clock accompanying the particle is slower and slower 
with the enhancement of x inside it. 

(f) The ratio R < 1 could be viewed as an order parameter characterizing 
the status of a "particle". Formally, if we always define R = f \x\ 2 d x 
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/ J \6\ d x, then R > 1 will characterize the status of an "antiparticle" . In 
other words, we look at the "negative energy" state of a particle directly as 
the "positive energy" state of its antiparticle, either for KG particle or for 
Dirac particle. It seems to us that the historical mission of the concept of 
hole theory for electron is coming to an end. 

(g) Actually, all the strange effects (including the Lorentz transformation) 
in special relativity can be derived by the symmetry Eq.(|6|) in combination 
with the principies of quantum mechanics. HH (see also, G-j Ni and S-q 
Chen, Internet, hep.th/9508069 (1995) and G-j Ni, hep.th/9708156). The 
calculation shown in this paper provides the further support to the point of 
view by one of us (Ni) on contemporary physics as discussed in Ref || @] || 
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Figure legends: 

Figure 1. The wave packet of Klein-Gordon particle (e.g. ir~) for four 
velocities. (a) v=0.5c. (b) v=0.9c. (c) v=0.99c. (d) v=0.99999c. The dash 
, dot , and sòlid curves denote the profiles of \8\ 2 , \x\ 2 , and p = \6\ 2 — \x\ 2 
respectively. £ = m c(z — vt)/fi is a dimensionless quantity. 

Figure 2. The dash and sòlid curve denote Ef^P/nioc 2 and Rfíf 1 versus 
Z/68.5 respectively. 

Figure 3. The wave packet of Dirac particle (e.g. the electron) for four 
velocities. (a) v=0.5c. (b) v=0.9c. (c) v=0.99c. (d) v=0.99999c. The dash 
, dot , and sòlid curves denote the profiles of 9^9, x^X-, an d P — $9 + X^X 
respectively. £ = m§c{z — vt)/fi is a dimensionless quantity. 

Figure 4. The dash and sòlid curve denote E®g rac / m^c 2 and R^g rac versus 
Z/137 respectively. 
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